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Abstact: 
 A bipolaron model is proposed as a superconductivity mechanism for iron-based 
superconductivity. The results are consistent  with the experiments. 
 
1. Introduction 
 
The origin of superconductivity in iron-based materials can be studied using a basic 
theoretical model1a) such  as the bipolaron model, which is introduced in this article .  In  
previous work 1b)  it was concluded that one dimensional materials are required to raise 
the Tc of superconducting materials. Researchers have sought  an example of a high Tc 
iron-based superconductor2) such as Sm FeAs
x xo F1−  . The Fe-As layer of the crystal 
structure is shown in Figure 1.   A two-site small bipolaron model is proposed as a 
mechanism for iron-based superconductivity. 
 
 The ABCDE and  A’B’C’D’E’ line segments of the FeAs layer are taken as a quasi-one 
dimensional chain  superconducting transportation  pathway as shown in Figure 1. 
 
Figure1. Quasi-One Dimensional Model in the Fe-As layer of   
LnO1-xFxFePn (Ln =La, Sm, Nd, Pr or Ce. Pn = P, As) (0<x <1)  
 
2. Model Hamiltonian 
 
The object is a two-site small bipolaron in a linear chain, as shown in Fig. 2. 
 
   As         Fe         As         Fe         As        Fe         As        Fe 
  •→←o             •→←o            •→←o            •→←o             
              o→←•           o→←•         o→←•            o→←•   
 
Figure 2.   Vibration between Iron  and Arsenic    
 
In general, the electron  and ion Hamiltonians, 
eH$   and aH$  
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, respectively, of the  system   may be  written  as 
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In the tight-binding approximation, the electron Hamiltonian reads as 
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where, ( )t n nR R+ −1   is the interaction of the two nearest neighboring ions  with  the 
electron. 
n nR Rand+1  are the instantaneous  position  of ions. nR  is very  small, so as 
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where, uu nn ,1, +  are the distances of move of ions from its equilibrium. aa qq and
+
  are  
the  phonon  creation  and  annihilation  operators. And the distance  of  equilibrium  
position  
n nR R a+ − =10 0( ) ( ) , the lattice constant , is very small, i.e. auu nn 〈〈−+1 . (The 
meaning of the previous sentence is unclear, we need to talk about what you mean to 
state.) 
 
 Therefore, the interaction is expanded as  
 
         ( ) ( )t n n n nR R t u u+ +− = − −1 0 1γ       (5) 
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where ( )0 10 0t R Rt n n= −+( ) ( )   is the  interaction  between the electron  and the nearest  
neighboring  ions in their  equilibrium  positions  and   γ = − dtdx   is  the  rate  of  the  
change  of  the  interaction  with respect to the distance between ions within  the unit cell. 
 
Substituting Eq.(5)  into  Eq.(4)  and  taking  into  account  the  spin  of  the  electrons,  
we  have 
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The total  Hamiltonian  is  now  written  as  the  sum  of   Eq.(3)  and  Eq.(6) 
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Su  et  al.3)    considered  Eq.(5)  as the  standard  form  of  the  electron-phonon coupling  
in a metal and first  applied  Eq.(7)  to  the  trans-polyacetylene. 
 
Because we take the two-site small  bipolaron   models as   pair of electrons,  one  
electron spin is up and the other must be down the total spin of the system is zero, i.e. a 
singlet.  Thus, the spin label “s” in the formula is eliminated. 
 
The Hamiltonian is now written as 
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Evaluating the spectrum of the electrons is equivalent to diagonalyzing the Hamiltonian 
operator. To do this the 
n nC Cand+  operators are transformed from the Bloch 
representation to the Wannier representation. 
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The Hamiltonian in  this  representation  is   given as Equation (10). 
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Where,                      
( ) ( )0 02 2E tk ka= − cos pi         (11) 
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Eqs. (10) - (12) are valid under the long wave length approximation. In the following,  
Equations (13) and (14) stem from the fact that the probability of the creation and the 
annihilation of one electron around odd-number atoms are equal to the probability of the  
creation and  annihilation  of  one  electron  around  even-number atoms  anywhere  in  
the  chain (this  is  true  for the  two-site  small  bipolaron) . 
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Therefore, 
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The total Hamiltonian of system is  rewritten as 
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This is transformed4) to give equation (16) 
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to obtain the Hamiltonian given in equation (18) 
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In  equation(18) k∆  is  the  binding  energy of  two polarons  (polaron pair) and also 
represents the  superconductivity  gap. 
 
 3. Calculation of  Tc 
 
Equation (20) is from previous work5), 
 
c
B
T k=
µ
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where µ  is the chemical potential, and Bk   is the Boltzmann constant. 
 
Substituting the 3-D value of µ  gives equation (21) 
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where n  is the  concentration  of  bipolaron, 
**
m  is  the mass  of  bipolaron, and h  is  
Planck’s  constant.  
 
For 2-D situations 
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Here Sn  is the surface density for two dimensions. 
 
4. Discussion 
 
(1) From measuring the value of µ, , , **n Sn m , it is possible to calculate Tc as 
shown in the following  example: 
           If  n=2E+20 (Low density) , **m = 24me ,  then  Tc =  42K 
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(2)     From Figure 1  it is seen   that  there are  antiferromagnetic  chains, 
ABCDEFG,  A’B’C’D’E’F’G’,  A”B”C”D”E”F”G”, and antiferromagnetic  
blocks, AA’BB’, BB’CC’, CC’DD’, DD’EE’, EE’FF’, FF’GG’, and an 
antiferromagnetic stripe, AA”BB”CC”DD”EE”FF”GG”. Experimentally 
superconductivity always accompanies  antiferromagnetism. These observations 
are consistent with the experimental trends. 
 
(3) The properties of LnO1-xFxFePn, are successfully modeled  by the quasi    
one- dimension approach. 
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